Aim: To measure and evaluate the normal range of maximal mouth opening (MMO) in young children aged 3 to 12 years from Indian population and to examine the possible influence of age, gender, height, and body weight on MMO.
INTRODUCTION
Maximum mouth opening is a significant diagnostic criteria for preliminary evaluation of stomatognathic system especially for those with temporomandibular problems. 1 The various types of odontogenic infections, oral malignancies, temporomandibular disorders (injuries, ankylosis), mandibular or midface fractures, myopathies, such as resulting from maxilla-mandibular immobilization and trauma can lead to reduced mouth opening. 2 Furthermore, all pediatric dentists dealing with the oral cavity are faced with varying degrees of difficulty when MMO is limited. In spite of heavy significance relating MMO, limited studies have been reported on this subject especially in pediatric population. Pioneer studies regarding mouth opening in children are credited to Nevakari, 3 Sheppard and Sheppard, 4 Ingervall, 5 and Agerberg 6 but with smaller sample size. As yet, there is no reference for clinicians to determine whether a patient has limited mouth opening capacity, as it is so dependent on other particular physiological characteristics. It is therefore necessary to investigate the correlation between MMO and any related physiological indicators including age, gender, body height, and body weight in young Indian population. Few studies had tried to establish a reference of mouth opening in Indian norms especially in young children. 3, 4 Furthermore, the relationship between MMO with age, gender, body height, and body weight is significant but is yet unexplored much in children for comparison. Therefore, the aim of the present study was to measure the normal range on MMO in young Indian population and to examine the possible relationship between age, gender, body height, and body weight with MMO.
MATERIALS AND METHODS
The study consisted of 1,383 subjects from different schools (17 schools) in the city of Rohtak, Haryana, India.
Total 745 boys and 638 girls between the ages of 3 and 12 years (mean age 7.07 + 0.05) were included in the study.
The patient history was taken and a questionnaire filled for each patient. This was administered at the time of clinical oral examination. The pretested, structured questionnaire consisted of demographic information on each child. The information collected included the age, gender, past history of any trauma, pain or clicking sound at rest or during jaw movements, and head and neck disorders. The child was also being asked to provide information on other types of conditions, such as any systemic diseases, neurological disorders, or craniofacial deformities that would affect the ability to open its mouth. The clinical examination consisted of a general dental examination of inspecting the preuricular area for any swelling, erythema, or tenderness. Palpation directly over the joint when the patient opened and closed the mandible was done. The extent of the mandibular condylar movement and temporomandibular joint auscultation was also done at the same time. The masticatory and cervical muscles were also palpated. Deviation of the mandible during the opening was also observed.
The inclusion criteria were 
Procedure
After obtaining informed consent from the respective school authorities, a clinical examination was performed. The MMO was measured by asking each of the subjects to open their mouths as wide as possible, while the examiner measured the maximum distance from the incisal edge of the maxillary central incisor to incisal edge of mandibular central incisor at the midline. For each subject, three readings were recorded in millimeters and the mean value was considered. The MMO measurements were taken using a modified Vernier caliper while the subjects rested their heads against a firm wall surface in an upright position (Fig. 1 ). The body weight was recorded in kilograms using a weighing balance (equinox) (Fig. 2) . The height was measured, without shoes, in centimeters, using a metric scale. All measurements were performed by a single examiner to avoid intraexaminer variability. The measurements of MMO were compared in children of different age groups. Similarly, a correlation between the MMO and body weight and height was also observed.
Study Protocol
The study was basically conducted in two stages. The first stage encompassed primary dentition with children of age ranging from 3 to 5 years. The children were subdivided in 3, 4, and 5 year age groups. The second stages include children in mixed dentition with age range of 6 to 12 years and therefore were subgrouped as 6 to 8 years, 8 to 10 years, and 10 to 12 years in mixed dentition group. The children were randomly allocated in groups and subgrouped based on age:
• Group I: Children with primary dentition.
-Subgroup I: children of age 3 years -Subgroup II: children of age 4 years -Subgroup III: children of age 5 years.
• Group II: Children with mixed dentition -Subgroup I: children of age 6 to 8 years -Subgroup II: children of age 8 to 10 years -Subgroup III: children of age 10 to 12 years. The MMO, body weight, and height were recorded in all three groups. The MMO was measured in millimeters, the body weight in kilograms, and body height in centimeters. Measurements of MMO were correlated with body weight and height of children in different age groups as well as in different subgroups.
Statistical Methods
The study results were analyzed by using the Statistical Package for the Social Sciences (version 20; Chicago, Illinois, USA). Mean and standard error of mean (SEM) were calculated for MMO. Student's t-test and chi-square test were used; p-values ≤ 0.05 were considered as significant. The Shapio-Wilk test was done to test the normality of the data and to determine whether to accept or reject the null hypothesis. The null hypothesis was accepted (significance value of the Shapio-Wilk test was >0.05). This further suggested that the study data were from a normally distributed population.
Vernier Caliper and Its Modification
A Vernier caliper is a precise instrument for measuring linear dimension (length) of any object to an accuracy of a tenth of a millimeter or better. It comprises of two jaws, one for measuring outer dimensions (larger jaw) and other for measuring inner dimension (smaller jaw), which are attached to a fixed scale and a sliding (Vernier) scale (Figs 3 and 4) . For the present study, Vernier caliper has been modified:
• Jaw used for measuring inner dimension has been removed by machine grinding (Fig. 5 ).
• Jaw used for measuring outer dimension has been modified in such a way that it can be used for measuring both inner and outer dimension. This is achieved by grinding the outer edges of the larger jaw to make them straight, engaging the inner edges of an object (e.g., interincisal distance) to measure its dimension.
The distance between the two outer straight edges of larger jaws is 9 mm when zero reading of Vernier scale and main scale coincides (Fig. 5 ).
In the course of modifying the Vernier caliper, a new formula has been derived for measuring the inner JOHCD dimension, using larger arm that is being modified for the purpose. Final readings were taken after adding 9 mm to the original reading (Fig. 5 ).
Final reading = Original reading + 9 mm
This is a pioneer method used for measuring MMO in children. The method is safe and simple to execute, reproducible, reliable even in small children, does not affect sensitivity of caliper, and is easy to calculate final reading by adding simple numerical value to original measurement. Further, modified caliper is much lighter in weight, is compact, easy to manipulate, and less fearful particularly to children.
RESULTS

Group I
Maximum mouth opening was measured in boys and girls aged between 3 and 5 years ( Table 1 ). The estimated average MMO measured for boys and girls at the age of 3 years was 41.61 ± 0.32 and 40.09 ± 0.34 mm respectively. The estimated average MMO measured for boys and girls at the age of 4 years was 44.98 ± 0.38 and 44.22 ± 0.42 mm respectively. The estimated average MMO measured for boys and girls at the age of 5 years was 46.81 ± 0.35 and 46.22 ± 0.36 mm respectively. There is a gradual increase in MMO with age, i.e., from 3 to 5 years. Statistically significant difference was not observed in MMO between boys and girls at various age groups. However, MMO was found to be significantly different when compared between 3 and 5 years ( Table 1) . As shown in Table 1 , there was a gradual increase in height of both boys and girls with age. Maximum mouth opening was also found to increase with age. Therefore, a definitive relationship was found between MMO and height. There was a gradual increase in weight of both boys and girls with age. Maximum mouth opening was also found to increase with weight. Therefore, a definitive relation was also found between MMO and weight. Results are shown in Table 1 .
Group II
Maximum mouth opening was measured in boys and girls aged between 6 and 12 years ( Table 2 ). The estimated average MMO measured for boys and girls at the age of 6 to 8 years was 46.04 ± 0.39 and 45.95 ± 0.37 mm respectively. The estimated average MMO measured for boys and girls at the age of 8 to 10 years was 48.53 ± 0.31 and 47.27 ± 0.28 mm respectively. The estimated average MMO measured for boys and girls at the age of 10 to 12 years was 52.38 ± 0.36 and 52.05 ± 0.35 mm respectively. There is a gradual increase in MMO with age that was found to be statistically significant when compared between 6 and 12 years. However, no statistically significant difference was found in MMO between boys and girls at various age groups ( Table 2 ). As shown in Table 1 , there was a gradual increase in height of both boys and girls with age. Maximum mouth opening was also found to increase with age. When compared statistically, a significant difference was observed between MMO and height of children at different age groups. There was a gradual increase in weight of both boys and girls with age. Maximum mouth opening was also found to increase with weight. A statistically significant difference was found between MMO and weight at different ages. Results are shown in Table 2 . Sheppard and Sheppard, 4 respectively, for the children aged 6 to 10 years, and the value of 46.4 mm given by Ingervall 5 for opening capacity in 7-year-old children.
In contrast, Vanderas 13 and Ingervall 5 reported higher values of MMO, i.e., 54.8 and 51.3 mm respectively, among children between the ages of 6 and 10 years. However, Landtwing 14 reported a mean value of 45.9 mm, regardless of the fact that age range of the children was wider: 5 to 19 years. The difference in MMO values reported by these workers could be due to different methodology used. The MMO has been reported either as the interincisal distance 1, 5, 6 or as the interincisal distance plus the overbite. 8 Mezitis et al 15 pointed out that the functional opening of the mouth is more important, because this is the value that actually affects chewing and dental treatment. Therefore, the interincisal distance was used as a measurement of MMO in the present study. 7, 8 In the present study, statistically significant difference was not observed between boys and girls at various age groups. However, MMO was found to be significantly different when compared between contrast age groups. These findings were similar to the ones reported by many authors 14, 20, 21 in children with primary dentition as well as mixed dentition. The possible reason for the positive correlation between MMO and gender for such studies is that low number of children included in each age category might have reduced the significance of the result. The correlation between MMO and stature and body weight is controversial. Some studies described a positive relationship, 26, 27 while others did not. 15 Westling and Helkimo 28 mentioned that MMO is relatively dependent on the size of the mandible, which is obviously greater in males. Since human males are generally taller and larger than females, it is conceivable that MMO would be larger in males. In addition, Dijkstra et al 29 pointed
out that differences in MMO may be attributed to the mandibular length. The results of the study revealed a definitive correlation between MMO with height and weight. Rothenberg 9 also observed a positive correlation between MMO values in relation to weight and height in subjects with ages between 4 and 14 years. Similar results were obtained by Landtwing, 14 Sousa et al, 23 Henrikson et al, 30 and Ingervall. 5 Agerberg, 6 however, found the weak correlation of MMO to height and weight in all age groups.
JOHCD
The present study observed that gradual increase in MMO with increasing age, height, and body weight may be due to changes in temporomandibular joint apparatus, facial morphology, muscle development, growth of cranial base and mandible particularly in length. At present, it is difficult to propose the exact mechanism responsible for this increase in MMO. However, this study uses a modified Vernier caliper method for the first time to measure MMO in young Indian children and suggest a positive relationship between MMO, age, height, and body weight.
Assessment of mouth opening is an important part of the clinical examination for clinicians or physicians involved in the treatment of head and neck disorders. In order to diagnose an abnormality, knowledge of the normal condition is essential. The study in combination with clinical expertise serves as an available approach for clinical decision-making to diagnose severe divergences and diseases related to function of the masticatory system.
